The nematic susceptibility, χϕ, of hole-doped Ba1−xKxFe2As2 and electron-doped Ba(Fe1−xCox)2As2 iron-based superconductors is obtained from measurements of the elastic shear modulus using a three-point bending setup in a capacitance dilatometer. Nematic fluctuations, although weakened by doping, extend over the whole superconducting dome in both systems, suggesting their close tie to superconductivity. Evidence for quantum critical behavior of χϕ is, surprisingly, only found for Ba(Fe1−xCox)2As2, the system with the lower maximal Tc value.
As in many other unconventional superconductors, superconductivity in iron-based superconductors arises close to the point where an antiferromagnetic (AFM) spin-density-wave transition (SDW) is suppressed [1, 2] . A particular feature of the iron-based materials is that the SDW breaks the four-fold rotational symmetry of the lattice which is accompanied by an orthorhombic distortion [2] . The fact that the structural transition surprisingly precedes the SDW transition in some systems has led to a strong debate about the driving force of the structural phase transition; e.g., orbital [3] [4] [5] or spinnematic [6, 7] degrees of freedom have been proposed. Importantly, orbital or spin fluctuations are also likely candidates for the superconducting pairing glue [8, 9] . Whereas magnetic fluctuations are believed to mediate s ± -superconductivity [8, 10, 11] , orbital fluctuations are thought to lead to s ++ -superconductivity [5, 9] . The structural transition in the Fe-based materials is of strong current interest [7, [12] [13] [14] [15] , because it is believed to be of an electronic nematic type, i.e. a transition in which the electronic degrees of freedom cause a spontaneous breaking of the four-fold lattice symmetry. Such nematic transitions are believed to also occur also in Sr 3 Ru 2 O 7 and the cuprate superconductors [16, 17] .
Recently, the nematic susceptibility of Ba(Fe 1−x Co x ) 2 As 2 (Co-Ba122) has been obtained indirectly from measurements of the uniaxial-strain derivative of the resistivity anisotropy, and the intensity of nematic fluctuations was found to reach a maximum near optimal doping [15] . Measurements of the elastic shear modulus C 66 , which is the soft mode associated with the structural transition, on the other hand, also provide a powerful tool for studying nematic fluctuations in detail [18] [19] [20] . In particular, the softening of C 66 was studied intensively in Co-Ba122 using ultrasound, and strong evidence for a quantum critical point (QCP) was obtained near optimal doping [20] . Further, the response of C 66 below the superconducting transition provides important information about the coupling of these fluctuations to superconductivity, which has been interpreted both in the spin-nematic and the orbital scenario [18, 20] . Up to the present, shear-modulus data have only been reported for the electron-doped Co-Ba122 system from ultrasound measurements. It is clearly of interest to establish whether the nematic susceptibility of other Fe-based superconductors shows similar behavior.
In this Letter we present an extensive study of the shear modulus of both hole-doped Ba 1−x K x Fe 2 As 2 (KBa122) and electron-doped Co-Ba122 covering a wide doping range. We use a newly developed technique, in which the elastic shear modulus C 66 is accessed via the system's Young's modulus measured with a three-point bending setup in a capacitance dilatometer. Three-point bending is less demanding in terms of samples than ultrasound and therefore allows us to study a larger variety of systems. We first demonstrate its effectiveness by showing that the ultrasound C 66 data in Co-Ba122 can be essentially reproduced, and then present new data for hole doped K-Ba122. We find that nematic fluctuations are enhanced over the whole superconducting dome of both systems, suggesting their close tie to superconductivity. Surprisingly, evidence for quantum critical behavior of the nematic susceptibility is only found for Ba(Fe 1−x Co x ) 2 As 2 , the system with the lower maximal T c value.
Self-flux grown single crystals of K-Ba122 and CoBa122 were cleaved and cut to a size of
3 with h along the crystalline c axis and L along tetragonal [110] . The crystals were supported by three wires and then placed in the capacitance dilatometer [21] (see Fig. 1(a,b) ), in which they naturally experience a small and roughly constant force of about 0.2 N due to the springs holding the upper capacitor plate. This force is normally used to hold the sample in place; here it acts to bend the sample slightly, and temperature-dependent changes of this 'bendingmodulus' are directly obtained by monitoring the degree of bending using the separation of the capacitor as a gauge. In order to obtain quantitative results, the force applied by the dilatometer springs must be calibrated, the initial degree of bending must be determined, and the results must be corrected for thermal expansion of the cell and the sample. The details of this procedure are however beyond the scope of this Letter and will be reported separately [22] . Besides being able to measure small and thin samples, this technique yields very high resolution data due to the sensitivity of the capacitance method.
For thin samples (h/L 1) in the proper orientation (see Fig. 1(b) ), the bending spring constant k s is related to Y [110] , the Young's modulus (i. e. the modulus of elasticity for uniaxial tension) along the [110] direction [23] :
. Y i is the inverse of S ii , the relevant component of the elastic compliance tensor [23] so that for a tetragonal sample
and Y [110] is dominated by C 66 as long as C 66 is smaller than γ. This certainly holds close to the structural transition, but, as we demonstrate on the Co-Ba122 system, our method yields very similar results as the ultrasound data over the whole doping range [20] , suggesting that the temperature dependence of C 66 may be obtained even far away from the structural transition. Both characteristics of the electron-doped system, namely the softening on approaching the structural transition at T s from above and the hardening below T c , are observed also in hole-doped K-Ba122. However, the softening and subsequent hardening, at e.g. optimal doping, is much more pronounced for Co-than for K-doping, which will be discussed in more detail later.
In general, the elastic constants associated with the soft mode are expected to go to zero at a second-order structural phase transition and to harden below. Surprisingly, this is not the case here and Y [110] , even though it decreases by 50-85%, never reaches zero, a behavior which is not fully understood and also observed in ultrasound data [20] . Also, we find that T s manifests itself as a kink in Y [110] (T ) and, below T s , Y [110] stays soft, or even grows softer, in agreement with Ref. 20 but contrary to the general expectation. In our case, this effect presumably arises from "superelastic" behavior [24, 25] , i.e. from the motion of boundaries between structural twins that are formed in the orthorhombic phase.
As argued previously [15, 26] , the structural transition in Ba122 is most likely driven by an electronic order parameter ϕ via bilinear coupling to the orthorhombic strain ε 6 = (a − b)/(a + b). In this case the Landau expansion of the free energy is given by
where λ is the electron-lattice coupling-constant and C 66,0 the bare elastic constant, which has no strong tem- perature dependence. Bilinear coupling is allowed because ϕ and ε 6 both break the same four-fold rotational symmetry. We therefore refer to ϕ as the nematic order parameter with χ ϕ the associated nematic susceptibility. ϕ may represent e.g. the spin-nematic or the orbital order parameter, however, this thermodynamic treatment cannot distinguish between these scenarios. C 66 is renormalized due to the coupling λ [18, 27, 28] , and is given by
At a mean field level, the temperature dependence of χ ϕ is given by χ ϕ = [A(T − T 0 )] −1 , reflecting that χ ϕ diverges at the "bare" transition temperature T 0 , i.e. the nematic ordering temperature in the absence of electronlattice coupling. Due to the coupling λ, however, the ordering of ϕ and the associated structural distortion takes place at T CW s = T 0 + λ 2 /AC 66,0 , the temperature at which χ ϕ reaches the critical value C 66,0 /λ 2 . C 66 in turn follows the modified Curie-Weiss law
The difference T CW s − T 0 = λ 2 /AC 66,0 (the "Jahn-Teller energy" of Refs. 19 and 20) is an energy scale characteristic of the electron-lattice coupling.
In the following we extract the nematic susceptibility χ ϕ from our data using the above Landau theory. We use the approximation C 66 /C 66,0 ≈ Y [110] /Y 0 , where Y 0 is the non-critical background. For Y 0 , we use 33%Co-Ba122 data [29] , the temperature-dependence of which can be very well described by the empirical Varshni-formula [30] Fig. 1(a) ). c 0 /Y (293 K) remains a free parameter, because we lack absolute values of Y . The values of c 0 /Y (293 K) were adjusted in order to obtain good agreement with equation 4 for the underdoped samples and then linearly extrapolated to higher doping levels (see insets of Fig. 2 ). Making use of equation 3, the normalized nematic susceptibility λ 2 χϕ C66,0 can thus be obtained from our data and is shown in Fig. 2 for both electron-and hole-doped Ba122. We first discuss the doping dependence of the magnitude and then the detailed temperature dependence of χ ϕ . Fig. 3(a) shows the magnitude of the nematic susceptibility χ ϕ (in units of λ 2 /C 66,0 ) as a color-coded map in the composition-temperature phase diagram of Co-Ba122 and K-Ba122. χ ϕ is enhanced most strongly for the undoped compound right above T s and decreases smoothly with both electron and hole doping. A significant enhancement of χ ϕ occurs in a broad band around the structurally distorted phase, as expected. Importantly, χ ϕ is still enhanced in the overdoped region, where there is no structural phase transition. In fact, there appears to be a universal relationship between the ratio T c /T c,max and the maximum value of χ ϕ (T ) for all overdoped samples (Fig. 3(b) ). This suggests a close tie between the nematic susceptibility and the occurrence of superconductivity for both electron-and hole-doped Ba122 systems. In this picture, the nematic susceptibility is taken as a measure of the strength of nematic fluctuations which mediate superconducting pairing. We note that the monotonic decrease of χ ϕ with doping is at variance with results of Chu et al. [15] , who reported a maximum of the nematic susceptibility around optimal doping from measurements of the strain-derivative of the resistivity anisotropy in Co-Ba122.
The dashed lines in Fig. 2 show a fit of the data to equation 4, which takes the form
T −T0 . Such a fit works well for both under-and overdoped CoBa122, but only for underdoped K-Ba122. The resulting parameters are plotted in Fig. 3(c),(d) . T
CW s
closely follows T s and the coupling energy T CW s − T 0 ∝ λ 2 is practically doping independent. In the electron-doped system, T CW s changes sign smoothly around optimal doping and overdoped samples also show clear critical softening. Both of these behaviors are suggestive of a quantum critical point near optimal doping, as has been shown in an essentially equivalent analysis in Ref. 20 for Co-Ba122. For K-Ba122, in contrast, only samples that actually undergo the structural transition (x ≤ 24%K) show critical softening, while for the other samples samples (x ≥ 30%K) the critical softening is cut off at T > ∼ 75 K and the Curie-Weiss law is no longer followed.
A lower limit for the temperature at which the CurieWeiss law breaks down, T * , is given by the maximum of the derivative of χ ϕ (T ) and has been marked in Fig. 2(a),  (b) by open triangles and is also plotted in Fig. 3(c) . As a function of doping, T * first decreases, closely following T s , and then increases upon further doping. Fig.  3(c) clearly shows that the region of critical softening extents to near zero temperatures only in the electrondoped system, in agreement with a quantum critical scenario. Note that, in order to "look beneath" the superconducting dome, we used a 6%Co+2%Mn-codoped sample, because Mn substitution strongly suppresses T c but hardly affects T s [31] . On the hole-doped side, the values of T * do not go below ∼ 75 K, which is incompatible with a quantum critical point. At low temperatures, our nematic susceptibility data rather suggest a first-order transition between the orthorhombic/magnetic and tetragonal ground states as a function of K-content. We point out that the above result is rather surprising in a scenario in which superconductivity arises due to the fluctuations surrounding a QCP, because here the system with the higher maximum T c (K-Ba122) exhibits less critical behavior.
Finally, we discuss the response of the nematic susceptibility below T c . The high resolution of our data allows to resolve even small effects at high doping lev- els (see Fig. 4(a) ). Near optimal doping, Y [110] hardens significantly as a response to superconductivity, in agreement with previous reports [18] [19] [20] . We observe an additional, small step-like softening of the Young's modulus at T c at intermediate doping levels (x = 48 − 60 % K), which is surprisingly absent at 82% K. Highly overdoped samples (x = 90 % K and x = 12 % Co) exhibit only the step-like anomaly, which might however mask a tiny hardening below T c , if existent. This step-like softening of Y (T ) at T c is actually the usual behavior expected from thermodynamics at a second order phase transition and is related to the stress-derivative of T c , i.e. the normal coupling between superconductivity and the lattice [32] . The hardening, on the other hand, directly reflects the competition between superconductivity and the nematic order parameter ϕ affecting the lattice via equation 3 [18, 26] . In Fig. 4 (b) the effect of this competition, as quantified by the discontinuous slope change of Y /Y 0 (T ) at T c (ignoring the step-like anomaly), is plotted versus doping. For both Co-Ba122 and K-Ba122 the slope change is maximal near optimal doping and then decreases strongly for overdoped samples with a weak tail extending up to at least 82% K on the hole-doped side.
The maximum value is three times larger for Co-Ba122 than for K-Ba122, suggesting that the coupling of the nematic order to superconductivity is significantly stronger in this system. Finally, we point out that e.g. the 60 % K sample exhibits a broad hardening of Y [110] starting at ∼ 60 K , which is clearly unrelated to the onset of superconductivity. To prove this, we show in Fig. 4 (d) the bulk transitions of these samples as determined by thermal expansion, which are all quite sharp.
In conclusion, we have shown that the nematic susceptibility is enhanced over the whole superconducting regions in both K-and Co-doped Ba122, suggesting that fluctuations associated with the electronic nematic order may play a crucial role in superconducting pairing. On the other hand, nematic fluctuations exhibit quantum critical-like behavior only in Co-Ba122 and not in K-Ba122, which has the higher T c . The latter compound also shows a much weaker response of nematic fluctuations to superconductivity. This naturally raises the question whether quantum criticality is really important for obtaining high T c and/or if nematic fluctuations are indeed directly involved in the pairing. Although from our measurements it is impossible to determine whether nematic order is driven by spin or orbital physics, we hope that our detailed data will stimulate further theoretical and experimental work aimed at clarifying the microscopic nature of the nematic state and its relationship to superconductivity.
